Obtaining standardised post-operative radiographs following total knee arthroplasty is common practice. Little is known regarding how measurements taken from the initial post-operative radiograph correlate to functional outcome. The initial post-operative radiographs for 110 primary total knee arthroplasties were reviewed retrospectively. Femoral and tibial component alignment was measured by two independent consultant radiologists. Functional outcome was assessed by the Oxford Knee Score pre-operatively and one year post-operatively. Correlation was determined by Pearson correlation analysis. There was no significant correlation between the radiographic measurements with the one year post-operative Oxford Knee Score nor was there significant correlation with the difference in pre-operative and post-operative scores. The initial post-operative radiograph cannot be used as a tool to reliably predict functional outcome at one year.
INTRODUCTION
Total knee arthroplasty (TKA) surgery is an established and consistently successful treatment option for severe degenerative conditions of the knee (13, 19) . In order to restore function the surgeon aims to achieve suitable alignment of the femoral, tibial and patellar components to reduce both mechanical and shear stresses. Optimal alignment also aids the balancing of forces transmitted to the soft tissue envelope which is critical for the joint's overall function.
Although earlier implants in the 1960s and 1970s were basic and sub-optimal, considerable research has highlighted deficiencies in implant design, type of fixation and surgical technique (17) . It is now widely recognised that one aspect of surgical technique that significantly impacts on patient satisfaction and implant survival is correct alignment of the tibial and femoral components (21) . Over the years orthopaedic surgeons around the world are continuing to improve their services ; according to the
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National Joint Registry for England and Wales, TKA's have been reported to achieve improved function, pain relief and > 80% patient satisfaction (2) . With this information becoming more widely available to the public and ever-increasing mechanical demands from our patients, there is even greater expectation to achieve optimal functional outcome and the so-called "forgotten joint".
Orthopaedic surgeons often request routine immediate post-operative radiographs as a part of their technical assessment and feedback. Some may even advocate that a "good" position will reflect on the patient's functional outcome and satisfaction however the literature to support this is lacking. Although many studies have investigated the relationship between alignment parameters and implant survival (3, 12, 14) few have specifically observed the relation between the immediate post-operative radiograph and functional outcome. In this study we aim to correlate standardised immediate post-operative radiographic parameters with patient functional outcome at one year following primary total knee arthroplasty surgery. In turn we will determine whether patient functional outcome and satisfaction can be predicted with the initial post-operative antero-posterior and lateral knee radiographs.
MATERIALS AND METHODS
All adult (> 18 years) patients, under the care of six Consultant Orthopaedic Surgeons who underwent a primary TKA at the Royal National Orthopaedic Hospital between January 2011 and March 2012 were reviewed. Both male and female subjects were included whose primary pathology was degenerative joint disease including primary and secondary osteoarthritis, rheumatoid arthritis and/or osteonecrosis. All patients had current joint systems that included the Genesis II Total Knee Arthroplasty System (Smith & Nephew), the Press-fit Condylar (PFC) Sigma Knee System (Depuy) and the Triathlon Total Knee System (Stryker). Unicompartmental knee arthroplasties and revision systems used for primary complex total knee arthroplasty were excluded. Patients who had significant premorbid functional disability (i.e. cerebral palsy, contralateral limb amputation) that prevented meaningful functional assessment were also excluded. A total of 110 patients were included in the study.
All radiographs were non-weight bearing views performed within 48 hours post-operatively. The operated leg was positioned with the anterior aspect of the patella pointing directly toward the ceiling with the patient supine. A 110 cm tube to film distance was used. For the antero-posterior (AP) view, the beam was directed perpendicular to the joint line. For the horizontal ray lateral, the knee and extremity were positioned in the same manner except the x-ray beam is directed laterally, 90 degrees to the AP view. All post-operative dressings were in place at the time of radiograph.
The initial post-operative supine antero-posterior and lateral knee radiographs were calibrated using known prosthesis dimensions and analysed using Picture Archiving and Communication System (PACS) software. Measurements were taken by two blinded independent consultant musculoskeletal radiologists to account for inter-observer variability. Radiological assessment comprised the following as determined by the American Knee Society (6) :
Coronal plane measurements : The femoral flexion angle in the coronal plane (α) was measured as the angle of a line drawn between the tip of the two femoral condyles of the prosthesis and the anatomical axis of the femur. The tibial angle in the coronal plane (β) was measured as the angle of a line drawn parallel to the tibial base plate and the anatomical axis of the tibia (Fig. 1A and Fig. 2) .
Sagittal plane measurements : The femoral flexion angle in the sagittal plane (γ) was measured as the angle of a line drawn perpendicular to the prosthesis that sits on the distal femoral cut and the anatomical axis of the femur. The tibial angle in the sagittal plane (σ) was measured as the angle of a line drawn parallel to the tibial base plate and the anatomical axis of the tibia (Fig. 1B  and Fig. 3 ).
Functional assessment
Patient recorded functional outcome and satisfaction was measured using the Oxford Knee Score (OKS) (Table I). The pre-operative OKS questionnaire was performed during the clinic appointment before they were listed for surgery. Patients were also asked to complete a questionnaire at their one year appointment. The OKS which was devised by Dawson et al (4) from Oxford is a validated questionnaire that assesses function and pain specifically in patients undergoing TKA surgery. The questionnaire is composed of 12 questions relating to either pain or function. Each is scored between 1 to 5 where no pain scores 1 to severe pain all the time scores 5 for the questions pertaining to pain. Regarding the functional questions ; not at all or easily scores 1 and impossible or totally scores 5. The final score is calculated by subtracting the score from the questionnaire from 60. A maximum score of 48 equates to no pain nor limitations of function.
Statistical methodology
The Intraclass Correlation Coefficient (ICC) two-way random model on absolute agreement was used to analyse measurement reliability between observers (20) . The ICC ranges from 0 (no agreement) to 1 (perfect agreement). For Interpretation of ICC, Fleiss et al (7) advises 'No universally applicable standards are possible for what constitutes poor, fair, or good reliability'. In general, values below 0.4 may be taken to represent poor reliability, values above 0.75 represents excellent reliability, and values between 0.4 and 0.75 may be taken to represent fair to good reliability (7) . To detect an ICC of 0.75 to within 20% using 2 repeats for each subject, at least 75 subjects would be required (calculation performed using of all the radiographic measurements were statistically significant (p < 0.001).
There was no significant correlation between the radiographic measurements with the one year post-operative OKS nor was there significant correlation with the difference in pre-operative and post operative scores according to the Pearson Correlation Coefficient (Table IV) . The Pearson Correlation Coefficient ranged from 0.39 to -0.18, all of which were statistically insignificant.
DISCUSSION
We have shown that the inter-observer reliability in measuring the frontal femoral flexion angle and the frontal tibial angle from the initial standardised post-operative radiograph following TKA is very good (ICC 0.70 and 0.71 respectively). Moreover, inter-observer reliability in measuring lateral femoral flexion angle and lateral tibial angle was excellent (ICC 0.85 and 0.78 respectively). We also illustrate that there is no significant correlation between any of the radiographic measurements taken from an initial post-operative standardised radiograph with functional outcome as determined by the OKS at one year (p > 0.05). There was also no significant correlation between any of these radiographic measurements with the difference in OKS at one year (p > 0.05). Our results suggest that one cannot reliably predict improvement or deterioration in functional outcome nor can one reliably predict overall functional outcome at one year from assessing the initial standardised postoperative radiograph.
There are studies that investigate the factors affecting longevity and survivorship of TKA prostheses (1, 9, 16) . Certainly, a crucial factor is prosthesis alignment and positioning (5, 18, 22) . However, there is a scarcity of literature investigating the information one can obtain from a standardised post-operative film with regards to prosthesis alignment and how this relates to long term functional outcome. Long leg films are preferable in assessing the overall prosthesis alignment (15) because it allows accurate calculation of the mechanical and anatomical axis of both femur and tibia. However, this is rarely done routinely due to difficulties with pain and Stata/IC version 12.1). Pearson correlation analysis was used to determine the relationship between the radiographic measurements and the one year post op and the numerical difference in OKS (a negative value corresponding to a deterioration in function and a positive value corresponding to an improvement in function at one year). 110 patients enable detection of a correlation coefficient of 0.30 to 0.35 with 90% power and 5% significance (11) . Statistical analysis was performed using SPSS/IBM.
RESULTS
Out of the 110 patients included in the study 49 (45%) were male and 61 (55%) were female. Patients were of Caucasian, Asian and Afro-Caribbean ethnicity. The age ranged between 34 to 88 years (mean 67 years). The male patients ranged between 34 to 88 (median 66 years) and the female patients ranged between 40 to 87 (median 72 years). Between the 2 observers the smallest measured frontal femoral flexion angle was 79.2 degrees and the largest was 102.6 degrees (95.95 degrees median). The smallest measured frontal tibial angle was 82.2 degrees and the largest was 98.3 degrees (88.85 degrees median). The smallest measured lateral femoral flexion angle was -5.1 degrees and the largest was 10.1 degrees (2 degrees median). Finally the smallest measured lateral tibial angle was 79 degrees and the largest was 100.2 degrees (85.75 degrees median). The lowest recorded pre-operative OKS was 2 and the highest was 39 (20 median). The lowest one year post operative OKS was 6 and the highest was 48 (33 median). Fourteen out of 110 patients reported that their function and pain had increased at one year since their TKA. Two out of 110 reported that their pain and function was indifferent at one year. The remaining 94 patients reported that their pain and function had improved. The individual values obtained for each patient is summarised in table II.
The ICC showed very good to excellent agreement of measurements between the observers (Table III) graphs with pre-discharge radiographs (23) . They concluded that there was no change in the routine post-operative management upon reviewing the films. Furthermore, there is evidence to show that the probability of detecting a fracture, dislocation or other significant abnormality that would alter the immediate post-operative course to be less than 0.1% (10) .
Taken together with our findings we must continue to question the cost effectiveness of requesting an immediate post-operative film in uncomplicated TKAs (9, 23) . The initial post operative radiograph although a useful tool in certain circumstances to assess workmanship and provides immediate feedback for the operating surgeon, it cannot be used as a tool to reliably predict functional outcome at one year. mobility immediately post-operatively, time constraints and often requires experienced radiographers. All of the above leads to delays in early mobilisation and discharge. The standardised antero-posterior and lateral radiograph of the knee is more frequently requested post-operatively and has become common practice. The majority of surgeons request the immediate post-operative radiograph to exclude any immediate complications such as intraoperative fracture or mechanical failure, however this is extremely rare (9, 10, 23) . In a study that retrospectively reviewed 200 consecutive primary TKA's, none of the immediate post-operative radiographs that were evaluated changed the normal management course of these patients (9) . These findings are consistent with another study of 124 consecutive TKAs that compared recovery room radio- 
